Acceleration-sensitive materials have properties which depend on the motion of the material. This motion refers to an arbitrary chosen standard frame of reference and does not depend on observers, which can be changed without changing the material properties. Consequently, one has properly to distinguish between changing the observer and changing the motion of the material. This is achieved by extending the domain of the material mapping by a second entry describing the material's motion independently of the chosen observer.
Introduction
In describing materials, one has to distinguish between changing the observer and changing the motion of the material: changing the observer does not influence material properties, whereas changing the motion of the material does influence its properties. Because, at first sight, changing the observer generates a change in the material's motion, we have to define the expressions "changing the observer" and "changing the material's motion" properly. The paper is organized as follows: In the first section, state space, material mapping, and constitutive properties represented by constitutive equations are shortly discussed. Constitutive equations are not arbitrary; they have to satisfy material axioms which are considered in the second section. Observers and their change is defined in the third section, and finally, material motion dependence is discussed in the last section, ending with a simple example. 392 W. Muschik 
Constitutive equations
Continuum physics is governed by balance equations 1 [1] and additionally in the general-relativistic case by Einstein's field equations. The resulting system of differential equations is underdetermined because it is material independently formulated, that means, valid for arbitrary materials which are described by constitutive equations. Adding those to the system of balances, a closed system of differential equations is generated, now ready for mathematical treatment by taking into account initial and boundary conditions.
For solving this closed system of differential equations, we need variables z.x; t / on which the fields of the differential system are defined and on which @ t and r appearing in the system operate. The variables z span the state space 2 representing the independent variables. The dependent variables M .x; t /, called the constitutive properties, are generated by the material mapping M
which describes the material under consideration 3 . The constitutive equations (1) are not arbitrary. They have to satisfy material axioms [2] [3] [4] [5] which are considered in the next section.
Material axioms
How to generate constitutive equations? All in all, there are two methods to obtain constitutive equations: by substantial guessing 4 or by constructing them by taking into account special rules, the material axioms [6] . These are Here we are concerned with Axioms 2 and 3.
The material axioms are necessary conditions which have to be satisfied by the constitutive equations (1). After having chosen the state space according to the material under consideration, the material mapping generating the constitutive properties has to obey the material axioms: the constitutive equations have to be compatible with the Second Law of Thermodynamics, they have to describe the symmetry of the material under consideration, and have to avoid speeds of wave propagation beyond velocity limits. If one is working according to the method of "substantial guessing," the following unpleasant case may occur: In solving the closed system of differential equations, one of the material axioms is not satisfied because the constitutive equation is not suitable. Then you have to try the procedure of solving the system with another, more suitable constitutive equation, hoping for a better solution. This makes it clear why to use material axioms: they generate constraints for the constitutive equations before inserting them into the balance equations so that the material axioms are satisfied.
Observers
An observer 7 is locally defined by a basis ¹e A º; A D 1; 2; 3OE; 4, 8 and globally by an observer field, ¹e
A .x; t/º. 9 The dual basis is defined by
Presupposing that Eq. (1) is valid for arbitrary observers, this gives rise to the following formulation:
6 See Ref. [11] . 7 Also called a frame of reference. 8 There are four basis vectors in relativistic theories. 9 Or ¹e A .x a /º, A; a D 1; : : : ; 4 in relativistic theories. Axiom. Balance equations are observer-invariant.
We obtain the constitutive equations in components from Eq. (1):
The mapping M A of the components of the state space variables z B onto the components of constitutive properties M A depends on the observer, whereas the following is presupposed:
Axiom. The constitutive mapping is observer-independent.
We now consider two observers: B˘represented by the basis ¹ȇ A º and another observer B represented by ¹ e B º, both detecting the same material. The local observer change B˘! B at .x; t / or at
is represented in non-relativistic theories by the Euclidean transformation or in relativistic theories by the local Lorentz transformation. Suppose that the following is valid:
Axiom. Domain and range of the constitutive mapping are spanned by tensors under changing of the observer.
Then we obtain
The constitutive equations transform as follows:
Consequently, the components of the material mapping satisfy
If the material is isotropic,
the material mapping in components becomes an isotropic function [12] : Brief remark on material motion dependence 395 
Material motion dependence
Changing the observer does not influence material properties: according to Eq. (3), the material mapping is observer-independent. But the situation may be another one, if the motion of the material itself changes. For describing the motion of the material, we introduce an arbitrary chosen frame, the standard frame of reference ¹ 0 e A º, 10 and we describe the motion of the material with respect to this frame by the components of local velocity, acceleration, and angular velocity . 
If 0 B is included, the motion of the material can be read off from the constitutive equation in the standard frame of reference which is, according to Eq. (6),
10 A usual choice is the inertial frame, but this choice is not strictly necessary. 11 In relativistic theories: 4-velocity u a and 4-velocity gradient u a Ib . 12 That means, one cannot distinguish between them, if resting to each other. , by a so-called second entry:
If the constitutive equation in the standard frame of reference (14) 2 is locally transformed to another frame ¹ȇ A º,
the second entry remains untransformed because the observer change B 0 ! B˘does not influence the motion of the material. Consequently, the second entry is the non-objective 14 part of the state space.
An example
We consider the simple example of Fourier heat conduction in rigid rotating media. 15 The state space variables and the MMD data are
Here ‚ is the temperature, and the angular velocity describes the constant rotation of the material in the standard frame of reference B 0 . The tensorial constitutive equation of Fourier heat conductivity is q .x; t/ D Ä.‚.x; t/; / r‚.x; t/:
The material properties (q) depend on the rotation velocity if the material is acceleration sensitive. The second entry ( ) extends the state space .‚; r‚/. If a material is not rotating in the standard frame of reference, Eq. (17) becomes
Now two observers B and B C are introduced, and Eqs. (17) and (18) result in constitutive component equations:
13 See Section 6. 14 See Ref. [13] . 15 Not a very realistic one, but for elucidation only, see Ref. [14] . 
This example elucidates the difference between changing the observer, B C ! B , and changing the motion of the material, $ 0, clearly.
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